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(57) Abstract: Boundaries between a plurality of different illuminations, even they exist, can be properly extracted by using an 
epsilon filter, and a subjectively preferable, dynamic-range compression is implemented with unnatural image patterns restricted. 
An edge strength G (x, y) is calculated for each position on an input image, and the threshold value E (x. y) of an epsilon filter 
(12) is controlled based on the edge strength G (x, y). The epsilon filter (12) performs filter processing on an input image based the 
controlled threshold value E (x, y). Since the threshold value E of the epsilon filter (12) is changed adaplively according to the local 
gradient of a pixel value I (x, y) based on the edge strength G (x, y), illumination boundaries can be extracted more accurately than 
when a linear low-pass filter or a threshold- value-fixed epsilon filter is used. 
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5 t^m^x^^^. 

X-/i;^^#aiSl Ott. X:^Jlii#©#{fi:Slc:feV>Tlii^{i I (x, y) ©X 
v-:^5t^G (x. y) ?£fftB-r-g.^«i^%L'Tl.i-5. Xyv^^MG (x. y) ch 
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uw^^m-t^) . =e£oT, Rt*fji&-r-5 u'^ji/^^iiicT (1) (Dnzm-r^ 

ttl;f3{c:||-r^g|5^R'/R<t, U^)VmmmW:T (1) ®i4M{cKt-SgK^J- (l 
-b/a) t;0^e.;i^^^2 6 d = 

S8BJ^^EESi<^fc8?)©^^;i/^mM^T (1) S^^P^JPtt^^W 

R®ifiiaT«l/'^;U5&?;^^Viat*:*c^^/£i^*M$nSClt&jt?|5L/TVi€>. fSi 

^;i'Rjejafc*5ttsi/^;u^^i9icT (i) (Dm^ita-v^i^'^-^w^^^f^^^. m 

l^cDM^««t D/jN$Vib-e^t3, ^1 1 Amiz^-t^^iZ^U^Jimi^E±€< 
JE^$nscilc;5:-5. JS*!:: 1 - b a , a < b CD:l-&{c«, ^1 1 B 

m\z^ir^^iz^u^j]/m\3:Eiz^<BEm^n?>::tizf3:^. HiiAS 

( 1 ) (Diati^m-To 
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1 X$>^m^iZU. 8 AiiJzU^^2 8 BA^B'^^n^ I V I ^R'/R 

^K). ^^2 9 (DcfcptC^cS. 

*IIM<^?^^fc:feViT-r >^v'P>:7^' 1 2 R (x. y) =1 

(x, y) <h?a:-Scfca{c-rn(^. -^(D^^ui-^jummo^izji^^mmLmm 

>>' ji'iS' 1 2 cDtii:b t i/^;i^^^Mi:T (i) (Dnmz^:^-r^, 

m^T (1) <D!i^mtmmi$.^^^<Dj:^\zBm-r^7!)^iz^-ox^tt>^ti^^^ 

feOT^5fc8£>, eiilT«-l'ys^o>7 Y JPrS' 1 2 0tli:^J5&t^f CD J; 5 {digest 2 6 

(D^yLizmm^m^ti)^^ 4■^<Dm^ (1) ~ (4) iz^vfxmmT^, 

(1) I *^ 0 75i-DR'7!>tl - b/a i|W|i;^g:-^(0:^-& ; 

(2) I '^O^^-^R'^Otl -b/at^;&i>??^(^>^'& ; 

(3) I •<0/0^-PR'/&S1 -b/a i:|^i;?f#£Oi©'& ; 

(4) I '<*^oR'7;>ti - b/a ; 
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-hsB (2) *5<J;CX (3) ©^#©=6<i:T«, ifi^^^|*|{:::fe ViTA:^>H^O 
^1 <hfc;5:'g>. Z.n\ZliiVT (1) , (4) <D^#-T?«, R' /ROffe^fcJMidt^^ 

G (x. y) f)^±^\f^\S.E. ^-f=^U>y y( 1 2<DV%y^M§.Eififh-^<fSi^ 
v'^iSG (x, y) ^%m-r^i^mz. C©X-/->*5iSG (x. y) (cS-o'li-C, 

zf-^uyy ^ 1 2(D\^^\,^m.'E (x, y) ^mmvxxtjmmzy ^ jv^ 

imm^mi^. ■?-®'r7''>P>7^;P:57 l 2/&i&®til:*FMR (x. y) {c:;S: 

DT^m^n-S^^F (R (x, y) ) ^iCl 6tC^lxfe=t5teA:^7®^fii 

I (x, y) \zmw-r^z.t\z^-ox. ^mm^t\zmmmo:>mm^n^Ty-i 
■rs. yi7u>>^(DE.m^n^^v\zvrz<Dx. mwno^mt^^^Mmti^^tEr^m'^ 
iz^. ^n^om^^M^izmm-t^niz^psmtv, 
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Z.<Dii^. X«yi^5t^G (x, y) tcSlJOX, -i Zfi^n yy ^ 1 2 (Dl.^ 

{,^mE^mmmi (x. y) (Dmm&^r^^mizmuxmjt^^^z^^f^'iir^j^'Diz 

mz. ■^mm(^m2(Dmm<DBm\z-z)\^^xm.m'r^. skTo^mmx}^. 
±12^ 1 (Dm-m<Di^m\zi6\'^ ^^fSL^m }^Mm.m\z^~(omm^^r ^u^\z\t 

(x, y) i'MbT, ill SHfc^f JcofcCflS^^ffiMicF (1) ^£JSLT^ic 

c (x, y) ^^ffl-r^o #ic#ffiMicF (1) it. ±mm 1 <Dmm<Dmm-v^ 

Mmssi eizii-oxmrn-^ntc^^c (x. y) m@s§i stM^n-s. 

t^iz. mm^i eiz^-oxwm-^nrcmmc u, y) ;05A;^^ti-5. mmm 
1 5x\t. xtimB<D^mMmi (x, y) \zMLxMm-r^w<^c (x. y) 

mmm^o u, y) <&®^b/j:vi^3iiss, mmmm^rzit^^mmf3iaiztii:fj 

^ ji/^ 1 2 ©b^i/MiSE (x. y) ^M'Mi^xxijmmzy ^ )v^mm^mi^. 
^<D-i':/>'D>7^ ji/iS' 1 27&^e><oa}:bMR (x, y) \zmcxwiii^n 
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■s^i^F (R (x, y) ) xtimmmi (x. y) izmn-r^^tiz^-ox. 

S) tJ5J^|W|U;-eS.-5d«, b#ViM$iI^aiSl 1 fc, X^;/i^^.ft^ttigl OT&^e.® 
>»^^G (x, y) ©f3;5>{c, ^613, 'A*®#<^>iii^# I (x. 

y) ;&^'iStl§A:'3$nTViS.**^^^;^j;«>. 

1 2-Cffllr»SL/^(ri^iE (x, y) Xyi^^SG (x. y) ®^7?«?5:<, 

1AT«. A:t)®^Oii/^M I (x, y) t'^-X^^^VS.EV^^^m'E. (x, y) tl^ 
■X^<n~^}^^\z. x>:/i/?^^G (x, y) 75?^^Vi{$(i: L^l^^ME (x. y) 
5{)?/jNS<75:^J:5>fc:b#Vi'(itE (x, y) -^Wn-^^. 

S75^UJ?>^^Sn/cIE©^^ r (r^l. 0) ^rffll^^T, l&SC 3 1 J;-pT, A 
:>jiii^gi®iii^ffi I (x. y) ViS^-eoMdt;'^:^ < j; 5 -K^b^ 

VifilEtinp (x, y) ^^^f-So 

d^U^liffiE tmp (x. y) *X>:/v?tSG (x, y) {CckDfi^IE 
bT^Sg5}CffiVi^b#V:»^iE (x, y) Sr^^-rS, ^^8tC:fett^iE 
^<b<Dfc86G>^ii:Emin, Emax Sr^n-e'no. 0. 1. OtbT, ic^StCJ; 

oTx-/>?^Sfcjscfc«^G (x, y) §^m-r^j;5tc-r5. cn<£igcs?:3 

2®ck5fC, {5® Lg-^iME tiDp (x, y) ^C^^ L T^M6*?;ft L # ^ifi E (x, 
y) ^}t«6So iinfcckO, A*i®#©p^{it I (x, y) 75^':A:# Vig^^cDM 
•b^M<i^^ii^\z. xyv5tSG (x, y) ViS^^W^t/O^/hS < 75:^ 
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J:5> L€UfiiE (x, y) 75«$iJ1SP $ ti^, 

y'z^ayy ^ JU^ 1 2 (DL^t^mE (x, y) \t. Xt}mm(D^m&dmt-/)^ 

\^>2immmi (x. y) (Dmit\t±€<f3i^> -tut)-^. mmv^)V(o±^ti.^ 

^vi®E (x. y) <m^'t^^o\z\yX^^^ti^. z.n\z^Kimmm.i 
(x. y) <Dm\:\z^n^w^mv^)V(Dmm^^Wf2^. ^K>mm\zmmm^^ 

12;jii5gBJbfe^5 ir, :^m:m<DWm\Zi^n\t. X^y5?5tSG (x, y) 0^)^75; 
(x, y) <Dmm^no^'o\zVtz<D-(;. ^znyu>y ^ 1 2},z^\,^-r:. J; 

:k\z. :i^^m<Dm4.(Dmm(Dmm\z-D\,^xm,mT^. skT(Dmmxu. 
±.mm 1 ^^z(Dmm(D^m\z:iin^m^wm^^m.m\zm—omm^mt^u 

m) iiB\^m\:'X^^i)^. #fc, =&®3grtic2a^<^u#viffiEio (x, y) . 

Eup (x, y) ^fflv^T-f :/->D>:7.r;i/rS'©L#ViM$ii1sp*fTai;'5{cLfc,^ 

-5 2ffi!^®b#Vi'ieElo (x. y) . Eup (x. y) ^^tHL, -?-ne.fcJ:c)T 

(0. O^rl, ru^l. 0) ^ffll^T. ic^ 3 3 A*3j;UC|^^3 3 B©i5 
\Z. 2S!^©^0b#^iMEtmplo (x, y) . E tmpup (x. y) ^^tHrSo 
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■?-bT, -^-ne*^ 1 COb#Vi^Elo (x. y) a<ktif^2 <DEup (x. y) t 

■^mM(Dmm\zii\,-y^'^ ^zya>y ^ i 2 A-e«. b#^MS$!i^aii§i 1 b 

T^ffi^nfc 200b^ViffiE lo (x, y) , Eup (x, y) 0 b^^i'ffiiB. 
S*fT5. -r:/'>'n>>'>f JLiS' 1 2 AT©^8lii«, J:OPL<«x -e^;^}*. ^1 

$nfc^:«-^tD (x, y) ji. 2is:^Ji(Dfl^MtC*5i.iT«lfeM#^tti§§2 1 

fctiF^4aj^i§ 2 4 (^feme.n^o 

t3F-^fiJ^«l2 4-e«. M^MD (x. y) 0??^<&fiJ^£U, ^(D^^^^7.^ v 
9^2 7 

MElo (x. y) ^ffiViT» 111 ic^ 1 2 {Ccfc OM-^CDM 

r75:#5^, ,^?t*^#fflg§2 1 T^ffi^n Tt^t AD (dx. dy) t L 
#ViffiElo (x. y) <!:*iticb. ^©M«»CJ6S U T, ^aiii^©Ml (x. 
y) SfeKiSdl^HSQJffi I (x + dx, y + dy) <D ti-rn5&^— ;&SriS*? ^ 
n^ffiJ (dx, dy) tbTffi*-r§. 

^2<7)jti!i^2 6T«> v^\^m.mmmi i B75^eMe.nT<sm2(DL$vi 

IBEup (x, y) S^BV^T. ^l<Dmm<Dl^mhnUWi^l 2\Z^K)mn(DmlSi 
<£fT5. tn.^t>. $6*f^iS^ai§g2 1 T^lti^tLifcffiAD (dx, dy) 
UffiEup (x, y) ii^Vci^h. ^©^^(CJSC-C, aSffi^Cffil (x. y) 
^fe«iff^®mcD#I (x + dx, y+dy) ©l^mji^— 
(dx. dy) iLTa}*t--5o 

;rc«||2 0Jtigt§§2 Q(o^ts(D\^^-tni}-^—l5^m.W.\^. Ui^u—nT^y 2 

*:m5<D?g§i-f T5.mmm(Om.l (x + dx, y + dy) 7&^m«E(Dft @ 
im.m^^l^B(D^^<Dm) l (x, y) ctO 'b;*^#ViJ^-&lwttb^l.iffiE 
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up (x, y) *tfflt,ie)ti. /jN^ViJ^-S-tliE lo (x, y) ffim^^^ti^, fJ^t) 

^^^m.^^'^-t^z.tti^nmiils.^x^^^, ^2®b^tiffiEup (x, 
y) 1 cDL^t^i^Elo (x. y) J: 0 < ?i§ cfc 5 (C-T S .fC, ^3 

^\z\i5.n—(Dnn^{i\^ . m^^tum^^^-r^o 

\±cmzxtjm¥n<D^mMmi (x, y) (c^fbrit^i fr^bfc*ric^^*iia 
fi£^CR (x, y) ^imm^^S (x. y) \zm%t ^t^^(Dmm^ 1 ^-bm 

w-iifs.^i^\^z)Bi<m'brir^^m\zm':^< %<dx^^. 

MiSc^^^m 7fcJ:oT^ifc^ii^nfc^®A:^7iif#®®3^M I L (x. y) 

tii). :r.v'j-^^M-^^i o^^u^':nyu>y ^ 1 2x\t. -eoia^flii 
L (x. y) \zm-^\^x. ±.mmio^m<ommizmn(Dmm^nz>, m 
^igi B-ett. #®^fliiL (x, y) ;&^e>. i/s^D^^-f ;Ui5' 1 2T?#e.n 

fc^BJ^^R (x. y) <£M^-r^ C^tCj;0. A:^3®#*^ & 

-e®,M^f#6n-2)#MBj^!fe4^-s (x. y) ^jun^gii 9 (cai*-r?>. sn#i§i9 

X\t.. tmm^ii^S (x. y) (::?SiEfl9BJ^^CR (x. y) SrSn^-T S d iX* 
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^w-^. xt)U^)vifim^^i^iimmm 1 (x, y) f)^iz^<mB^n^o cnc 

bfc5&t, Mm.$iimsj.i^(Dm<D^mm:fSim^^nv^^izi.ThM\^^, 

&.±m,mhk^^\z. :^mM(Dmmmm:^m^rcitmmmmmm.\z^tnt. x 
tsmm.^(o^^iLm.z: h\zM\^-^nf:i:iLv v^m\zm'^^^x . -r 'fiyayy^)v^ 

m-^ntc^mz^y). ^mmz:i^\zmm^<^'^Wi^n'^^o\z\^rc(D'v. 
mmkz^^-)^m,m&.9V(r>mux^mm^mm-r^z.t.ifi'^mx^^. 
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2 5 



( 1 ) 



( 3 ) 



k=0 



( 4 ) 



( 5 ) 

0(x.y) = log(I(x,y))-log(LPF(I(x,y))) 

( 6 ) 



G(x,y) = ll(x-d,y)-I(x+d,y)l 

+ll(x,y-d)-I(x,y+d)l 
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( 7 ) 



G(x,y) =1 E [I(x-d,y+dy)-I(x+d,y+dy)J I 

+ E [I(x+dx,y-d)-I(x+dx,y+d)] 

ldx=-d I 



( 8 ) 

Emin • - 'G(x, y) >Gmax 



E(x,y) = 



V 



Gmax G(x. y) . . •Gmin^G(x, y) ^Gmax 



Gmax-Gmin 

Eaax ' • -GCx, y) <Qjiin 



( ic^ 1 0 ) 
CR(x, y) = T(R(x, y)) 

( fC^ 1 1 ) 



0(x, y) 



= S(x,y)CR(x,y) 
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(^^12) 
J(dx,dy) = 

( 1 3 ) 



r I(x, y) AD(dx, dy) >E(x, y) 

\l(x+dx, y+dy) -"AD (dx, dy) ^B(x, y) 



R(x, y) = Sa (dx, dy)J(dx, dy) 

(dx, dy) em 



( 14) 



" (dx,dy)£NB 



(^^15) 

T(l) 



F(l) = 



I 



( 1 6 ) 

0(x, y) = I(x, y)F(R(x, y)) 

(^^17) 

CRmax 



Cmin = 



Rmax 
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( fC^ 1 8 ) 

T(l) = al-f-b l^lk 
(^^19) 



a Xl5+b b 
CO = — = a+- 



15 15 
(^^20) 



2B 

N < 



( 2 1 ) 

sign (0' (x, y)) = sign (I' (x, y)) 



( 2 2 ) 



r./ ) > CR(x,y) 

0(x, y) = I(x, y) -j^^ 



( 2 3 ) 

R'(x,y) CR'(x,y) _ /' 



I'^O 



R(x,y) CR(x,y) " / 
R'(x,y) CR'(x,y) ^ I' . 

-R(xnr~ cR(x,y) ^ — "' ^ 
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(^^24) 



CR = aR 



( 2 5 ) 

CR' = bR' 



( ^^s:: 2 6 ) 



( 2 7 ) 



( 2 8A ) 

/-f A/-f/ I 

( 2 8 B ) ' 

sign (r (x. y)) = sign (R' (x, y)) 

J 

( ^^c: 2 9 ) 
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(^^30) 

R'(x,y) ^ I'(x.y) 
R(x. y) I(x, y) 

(1^5*: 3 1 ) 

Etmp (x, y) = rl(x, y) 

( WJ^ 3 2 ) 

E(x, y) = Etmp (x, y)G(x, y) 

( 3 3 A ) 

Etmplo Cx. y) = li Xl(x, y) 

( 3 3 B ) 

Etmpup (x, y) = ruXKx, y) 
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^ 86 CD i® # M S ^ ^ T :3 T > 

{±}u> ^(om^vr^L^mz^v)^ ^mm^ii\zmnm.(D^m^nommmMWT^ 
nil 

/jN ^ < :^ s <t 5 w 13 L # I i fit * *ij ^^ -r S 

filT&t:^ # < 3^ S <»: mz . MtBx i??^S35«:^ # (.^ a ^MIB L ^ li{t/6«/h ^ S 

=fc -5 1 i« 13 L ^ V i M ^ $a n -r -S 

■'ci t t-rs!t:^®iS6S^ 1 ^?B«<D®^^a;^^6. 

5. MtBL^ViffiSr^iiifStC^SViT. ©MT^ct-S 2 b^VMiti&^tt}L. 
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9. xtf^ntzm^^. mii!iti^\z^y)y-f±^^yi7U>~J(D/i^-^\^m^\zM^-ir 
xttmm±(D^&mz:nzx.^yi>^m^nm-r^j^^yi^^mntii^^ii. 

mm-f f>^u>y^ju^A^i^(Dtiitimiz}tsCx. mmm^mw^t^rctixD^M 
^^mu, ^ontavtcimmizjzr). &mmz:^izmmm(D^m=^ir'^mmmm 

11. HafBb€ViM$w^©«^ triBx«/ v>3sag*t;k:^vis^, mmv^\,mt^ 
fh-^<fs:^^-D\zmmiy^i^m^mmT^ 

ffi # < ;^ ^ t * t , gi IB x ^> 3t i£ 3&^':^-$ ® <!f ftft IB b ^ -fil jO^ /J^ ^ < ^ 
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Si t:: 
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mm 
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